The effect of salicylic acid (SA) on the salt (NaCl) tolerance mechanism was studied in canola plants (oilseed rape, Brassica napus L.) by molecular and physiological experiments in plant tissue culture. Seeds of B. napus 'Ocapy' were germinated at 0, 50, and 100 mM NaCl on Murashige and Skoog (MS) medium containing different levels (0, 2, and 5 µM) of SA for 4 weeks. Total chlorophyll, carotenoid, and flavonoid content increased in response to interactive effects of SA and NaCl treatments at some concentrations. Proline content was increased under salt and SA treatments in shoot and root tissues. Salt alone and in combination with SA increased the total soluble protein content of shoots only, while the different concentrations of SA in the culture media affected variously the total soluble protein content. Protein patterns of shoots and roots showed some remarkable differences, based on gel electrophoresis and the consequent analysis of bands by ImageJ program. The relative expression of 15 and 12 protein bands in shoots and roots, respectively, differed under the applied treatments. In addition, the protein profile indicated that salinity and SA regulate the expression of salt-stress-inducible proteins as well as induced de novo synthesis of specific polypeptides. The findings may help to explain the salt tolerance mechanisms and to produce salt-tolerant canola plants.
INTRODUCTION
Salinity is a considerable agronomic problem in one third of the world's irrigated lands and half of the lands in semiarid and coastal regions (EpstEin et al. 1980) . Excessive salinity adversely affects all major physiologic and metabolic activities of plants (GEpstEin et al. 2006; sahiahi et al. 2006; Jamil et al. 2012 ). Higher plants respond to the salt stress by using molecular and cellular regulation of their processes at various levels. Transcriptional and translational pathways are important determinants in regulating salt stress responses (sahi et al. 2006) . Therefore, physiological measurements combined with the evaluation of proteins, e.g. global expression profiling (KanG et al. 2012) , can be useful tools to explain the salt tolerance mechanisms in plants.
The development of approaches to induce salt stress tolerance in crop plants is vital and still receives considerable attention. In the past 2 decades, many biotechnological researches have provided considerable insights into the mechanism of environmental stress tolerance in plants at the molecular level (hamidia & shaddad 2010) . Treatment with growth regulators ; BaninasaB & GhoBadi 2011), such as salicylic acid (SA), as well as genetic engineering (mcKErisE et al. 1988) , traditional breeding (vEttaKKorumaKanKav et al. 1999) and in vitro selection, are methods used to develop salt-tolerant plants so far. According to some investigators, SA should be categorized as a phytohormone (rasKin 1992) , which participates in the regulation of growth and development of plants. In plants, SA can regulate some of the key physiological functions, such as ion uptake and transport (Glass 1975; Kaydan et al. 2007) , stomatal function (larquE-saayEdra 1979; rasKin 1992), disease resistance (rasKin 1992; KlEssiG & malamy 1994) , and so on. Furthermore, the capability of SA to moderate adverse effects of salinity in crop plants has been reviewed by GhorBani Javid et al. (2011) . However, information about the influence of this phenolic compound on the plant functions and metabolism is still limited (moharEKar et al. 2003 ) and more attention needs to be paid to SA effects on higher plants.
Oilseed rape (Brassica napus L.), also known as canola (cultivars with a low erucic acid content), is one of the major crops in the Mediterranean and some regions of the Middle East (ByBordi 2010) . Brassica species are ancient crop plants, belonging to the family Brassicaceae (Cruciferae, also known as the mustard family), are used as oilseed crops (B. napus and B. juncea), leafy and root vegetables (B. oleracea and B. rapa), and are cultivated worldwide (sadia et al. 2009 ). The nutritive value of oilseed rape, as the third largest oilseed crop in the world, is related to a high amount of oleic acid and a low amount of saturated fatty acids (nasr et al. 2006) . B. napus provides approximately 13% of the world's supply of vegetable oil (haJduch et al. 2006) . Furthermore, seeds of canola are rich in proteins. B. napus produces seeds with approximately 40% oil and 15% protein as the main storage compounds (norton & harris 1975; GunstonE et al. 1995) . The nutritive and economic value of canola caused the rise in the cultivation of Brassica species even on salt-affected soils in arid and semi-arid regions. Therefore, increasing its salt tolerance using different approaches has enormous advantages.
The main objective of this study was to evaluate whether the exogenously applied SA could alleviate the adverse influences of salinity in canola plants under in vitro conditions. Plant tissue culture techniques allow close monitoring and precise manipulation of plant growth and development. Moreover, the in vitro system offers the advantage that relatively little space is needed to culture plants and this system allows a rigorous control of the physical environment and nutrient status parameters, which are difficult to regulate with traditional experimental systems. Furthermore, any complex organ-organ and plant-environment interaction can be controlled or removed, and the level of stress can be accurately and conveniently controlled. The salt stress responses of B. napus were assessed at the gene product level by one dimen-sional gel electrophoresis, in relation to other key physiological parameters, such as photosynthetic capacity, carotenoids, flavonoids, and proline content of canola shoots and roots under SA treatment.
MATERIAL AND METHODS
Brassica napus 'Ocapy' was used to compare concentrations of photosynthetic pigments, flavonoids, proline, total soluble protein content, and protein pattern (by using sodium dodecyl sulfate polyacrylamide gel electrophoresis, SDS-PAGE) under salt and SA treatments. The seeds were provided by the Oil Seed Cultivation Company, Isfahan, Iran. Mature seeds (70 days after pollination) were grown on MS (murashiGE & sKooG 1962) medium containing 0 (control), 50 or 100 mM NaCl and 0, 2 or 5 μM SA. All cultures were kept in the culture room with a 16/8 h light/dark photoperiod at 25±2ºC for 4 weeks.
Photosynthetic pigments (total chlorophyll and carotenoids) were extracted according to lichtEnthalEr 's (1987) method: 0.05 g of leaves from 4-week-old canola plants were homogenized using 80% acetone in darkness. Their concentrations were measured at 663.2, 646.8 and 470 nm by a spectrophotometer and expressed as mg/g FW.
The total flavonoid content of samples was measured as described by KrizEK et al. (1998) : 0.05 g of leaves were homogenized in 2.5 ml acidified ethanol (ethanol: glacial acetic acid, 99:1, v/v), and then the extract was centrifuged at 4000 g for 5 min at room temperature. The supernatant was kept at 85ºC for 10 min in the water bath. Absorbance was recorded at 270, 300, and 330 nm, and flavonoid content was expressed as mg/g FW.
Free proline content of frozen samples (shoot and root) at -20ºC was measured as described by carillo & GiBon (2011), using the cold extraction procedure. Plant samples (0.1 g of shoot or 0.03 g of root) were homogenized and diluted 20 to 50 times (w/v) with ethanol:water (70:30, v/v) . The resulting mixtures were left overnight a 4°C, and then centrifuged at 14 000 g for 5 min at 4°C (carillo et al. 2008; hummEl et al. 2009 ). Next, 1000 μl of the reaction mixture, including ninhydrin (1%, w/v) in acetic acid (60%, v/v), and ethanol (20%, v/v) , was mixed with 500 μl of plant ethanolic extract and the tubes were sealed, mixed and heated at 95°C in the block heater for 20 min. For standard samples of proline, 1000 μl of the reaction mix was mixed with 100 μl of 0.2, 0.5, 1, 2, 5 mM proline standard completed with up to 400 μl of ethanol:water (40:60, v/v) and the tubes were sealed, mixed, and heated at 95°C in the block heater for 20 min. The mixtures were then centrifuged at 10 000 rpm for 1 min and the supernatants were transferred to a 1.5 ml cuvette. The absorbance of each supernatant was read at 520 nm. Proline concentration was determined using a calibration curve and expressed as μmol/g FW.
Approximately 0.1 g of fresh shoot and 0.03 g of root from the 4-week-old plants were used in the protein assay. Protein extraction was carried out according to rostami & Ehsanpour 's (2009) modified method using an extraction buffer (50 mM Tris-HCl, 1 mM dithiothreitol, 2 mM EDTA, 2 mM 2-mercaptoethanol, pH 7.5). Total soluble protein (mg g 1-FW) in protein extracts from stem-leaf and root tissues was determined according to Bradford's modified method (1976) , as described by olson & marKwEll (2007), using bovine serum albumin as the standard protein. SDS-PAGE was performed using 12.5% separating and 5% stacking gels. The gel electrophoresis was carried out with an equivalent amount: 10 and 20 µg protein for shoot and root samples, respectively. After electrophoresis at 130 V, protein bands were stained using silver nitrate according to salEhi & mccarthy 's method (2002) , and finally protein bands showed remarkable changes, which were analysed by ImageJ software. In order to be more accurate, experiments were repeated at least 3 times and the mean values ± the standard deviation were presented. The obtained data were subjected to analysis of variance (ANOVA), using the statistical package Sigmastat 2.01, and the mean differences were compared by the Duncan test at p < 0.05.
RESULTS AND DISCUSSION
The present study was conducted to evaluate the exogenous application of SA on canola seeds growing upon a medium containing NaCl in the plant tissue culture system. Overall, the results demonstrated that SA could alleviate salt stress effects on physiological parameters of canola plants under in vitro conditions.
The total chlorophyll content was significantly reduced under all salt concentrations and SA treatments, in comparison to the control, but the interactive effects of SA levels and salt increased it markedly, especially at 100 mM NaCl. The highest total chlorophyll content was recorded at the higher salinity level, with 5 µM SA (Fig.  1A) . Salt alone increased carotenoid content especially at 50 mM. SA alone, at 2 µM, caused a significant reduction of carotenoid content, in comparison to the control plants. However, 2 and 5 µM of SA significantly increased the level of carotenoids in presence of salt stress (Fig. 1B) .
Photosynthetic pigments (total chlorophyll and carotenoids) of B. napus seedlings were significantly affected by salinity, SA, and their interactions. Chlorophyll has a unique and essential role in higher plants (EcKhardt et al. 2004 ). Biosynthesis and breakdown of chlorophyll in higher plants are complex pathways that are regulated by different factors. However, photosynthesis, as a key metabolic pathway in higher plants, as well as photosynthetic pigments, are targets for salt stress (Borsani et al. 2001 ). lEunG et al. (1994 demonstrated that production of abscisic acid (ABA) in response to salt stress decreases turgor in guard cells and limits the CO 2 available for photosynthesis. The synthesis of ABA closes stomata, and stomatal closure results in photosynthesis decline, photoinhibition, and oxidative stress (zhu 2007). It is also suggested that ROS production can be responsible for the deleterious effects of salt stress on chlorophyll content and chloroplast ultrastructure (yamanE et al. 2004) . The reduction of total chlorophyll of canola plants in the present study may be attributed to the toxic action of NaCl on the biosynthesis of pigments or increasing degradation of the photosynthetic apparatus (BaraKat 2011). Similar findings have also been reported by El-shihaBy et al. (2002 ), mittoya et al. (2004 ), and yamanE et al. (2004 in cultivated maize, tomato, and rice grown under salinity stress, respectively. In addition, panchEva et al. (1996) and moharEKar et al. (2003) reported the reduction of chlorophyll content by applying SA, and concluded that these results & Biswal 1989; srichandan et al. 1989; dEmmiG-adams 1990; younG 1991) . In the present study, carotenoids positively correlated with salinity at some concentrations and negatively with SA, whereas positive correlations were observed between the interactive effects of salinity and SA with carotenoid content of leaves. In closely related studies, tari et al. (2002) and BaraKat (2011) found similar results on tomato and wheat plants, respectively. On the other hand, hashEmi et al. (2010) determined that carotenoids decreased after application of SA in deadly nightshade (Atropa belladonna L.). The high accumulation of chlorophyll and carotenoids as a result of the exogenous application of SA in presence of NaCl may be due to the increase in photosynthetic efficiency under the salt stress conditions in canola plants.
As shown in Fig. 2 (A, B and C) , salinity caused a significant reduction in flavonoid content at 270, 300 and 330 nm, while SA treatments alone did not show any significant effects on flavonoid content in comparison to the control. A significant increase was observed in flavonoids after application of 100 mM NaCl and SA treatments at the 3 wavelengths. My experiments show that salinity independently led to a decrease in flavonoids, while in combination with SA it caused an increase in their accumulation. The flavonoid content was not influenced by SA treatments alone. The flavonoids, as the largest group of secondary products in plants (haslam 1998; vErvEridis et al. 2007) , have vast biological functions, including evident roles in stress protection (KliEBEnstEin 2004) . The reduction of these phenolic compounds in the present study may be related to the toxic levels of salt stress on the production of the pigments. Moreover, there is also evidence that flavonoids function as phytochemical antioxidants in maintaining the stable concentration of free radicals by removing them from stress conditions (christoffErsEn & latiEs 1982; schallEr & KiEBEr 2002) . The positive correlation between the application of SA in presence NaCl and total flavonoids in this study shows that the increase in SA levels possibly induces the production of flavonoids and activation of the antioxidant system in canola plants in response to salinity. Furthermore, previous studies revealed that SA caused an increase in plant resistance, with an effect on ethylene biosynthesis. Ethylene, as a phytohormone, can enhance the production of enzymes that are involved in biosynthesis of phenolic compounds, such as phenylalanine ammonialyase (hyoda & yanG 1971; saKaKi et al. 1983) . Therefore flavonoid formation in this study could be related to the effects of high endogenous ethylene on the flavonoids in response to the interactive SA and salt stress. The results of my study demonstrated that the treatment of canola plants with salt and SA increased significantly the production or accumulation of all the pigments.
The enhancement of proline production was recorded not only under salt and SA treatments but also in response to NaCl and SA interactions, especially in shoot tissues. The highest amount of proline was observed at 50 mM NaCl and 5 μM SA in shoots, while it was higher at 100 mM NaCl and 2 μM SA in roots. The effects of salt stress alone induced a marked increase in the proline level in roots, especially at 100 mM NaCl, while under SA treatment the proline content of roots did not show any significant increase (Fig. 3A-B) . Higher plants change their proline concentration, as an osmolyte, in response to a wide range of environmental stresses (pavlihova et al. . Results of this study indicate that proline production rate was more sensitive to salinity than to SA. Thus the increased accumulation of proline may be a general response to salinity stress and accumulated proline may provide efficient energy to increase salinity tolerance with or without SA (GiriJa et al. 2002) . The application of different concentrations of salt and SA had various effects on the total soluble protein content. It increased significantly with increasing levels in shoots, while different concentrations of NaCl decreased the total soluble protein in root tissues, as compared to the control plants. SA-treated plants exhibited a high accumulation of total soluble protein in shoots, especially at 2 µM SA. However, the total protein content of roots was not affected by SA treatment. On the other hand, the protein content was changed variously at different concentrations of SA in presence of NaCl. The protein content of shoots was also increased by the interaction of 50 mM NaCl and all SA treatments, whereas the protein content of roots was decreased by the interaction of 100 mM NaCl and 5 µM of SA. The highest value of total soluble protein was recorded at the higher salinity level with 2 µM SA in shoots and roots, as compared to the control plants (Fig. 4A-B) .
The protein pattern of shoots and roots in one-dimensional polyacrylamide gel electrophoresis (SDS-PAGE) and analysis of bands by ImageJ program showed some remarkable differences. The relative expression of 15 protein bands in shoots and 12 protein bands in roots of Brassica changed under salt and SA treatments in comparison to the control (Figs. 5 and 6A-B). The shoot protein pattern and relative intensity of protein expression show that the expression of protein bands 4, 5, 6, 9, and 14 (with molecular weights of about 57, 45, 42, 34 and 13 kDa, respectively) was up-regulated by salinity, while the expression of protein bands 7 and 11 (with molecular weights of about 40 and 16 kDa, respectively) was down-regulated under salt stress. SA levels decreased significantly the relative intensity of protein expression in protein bands 3 (60 kDa), 4, 5, 7, and 9. The relative intensity of protein expression in protein bands 11 and 14 was up-regulated, while protein bands 3, 4, and 8 (approximate molecular weight 35 kDa) were down-regulated by SA and NaCl interactions. The appearance of novel protein bands (including 10, 12, and 13, wih molecular weights 26, 15, and 14 kDa, respectively) was induced by 100 mM NaCl and 2 µM SA interaction, whereas band 1 (with molecular weight 95 kDa) was detected at 100 mM NaCl with 0, 2, and 5 µM SA. On the other hand, protein bands 6 and 11 were not present in 0 mM NaCl and 2 µM SA interaction. The highest expression of protein bands 2 (72 kDa), 3, and 7 was found in the control, while protein bands 4 and 15 (11 kDa) were found at 50 mM NaCl and the combination of 100 mM NaCl with 2 µM SA, respectively. Based on the results of the protein pattern and the relative intensity of protein expression of roots, protein bands 5, 6, 9, 11, and 12 (approximate molecular weight of 47, 41, 34, 15, and 11 kDa) were up-regulated by salinity and SA treatments alone and in combination. Moreover, the up-regulation of protein bands 1 and 2 (approximate molecular weights 57 and 55 kDa) was detected after SA treatments. Overall, the results demonstrated that NaCl and SA treatments and their combinations did not decrease the relative expression of proteins in roots. The expression of protein bands 11 and 12 was not detected in the control plants. On the other hand, the induction of protein bands 4 and 10 (48 and 16 kDa) was found at 100 mM NaCl and 5 µM SA. Furthermore, in response to the interaction of SA levels and 100 mM NaCl, canola plants induced the appearance of protein band 7 (40 kDa), whereas protein band 8 (35 kDa) was found in SA treatments alone. The highest expression of protein bands 1 and 2 was found at 5 µM SA alone, while it was also detected in response to the treatments. M = protein marker; 1 = 0 mM NaCl + 0 µM SA; 2 = 0 mM NaCl +2 µM SA; 3 = 0 mM NaCl + 5 µM SA; 4 = 50 mM NaCl + 0 µM SA; 5 = 50 mM NaCl + 2 µM SA; 6 = 50 mM NaCl + 5 µM SA; 7 = 100 mM NaCl + 0 µM SA; 8 = 100 mM NaCl + 2 µM SA; 9 = 100 mM NaCl + 5 µM SA. . (A) SDS-PAGE pattern of total soluble protein from Brassica napus roots under salt and salicylic acid (SA) treatments. M = protein marker; 1 = 0 mM NaCl + 0 µM SA; 2 = 0 mM NaCl +2 µM SA; 3 = 0 mM NaCl + 5 µM SA; 4 = 50 mM NaCl + 0 µM SA; 5 = 50 mM NaCl + 2 µM SA; 6 = 50 mM NaCl + 5 µM SA; 7 = 100 mM NaCl + 0 µM SA; 8 = 100 mM NaCl + 2 µM SA; 9 = 100 mM NaCl + 5 µM SA. (B) Relative levels of protein expression in roots of Brassica napus under salt and salicylic acid (SA) treatments. Values are means ± standard deviation of proteins bands A B C combination of 100 mM NaCl with 5 µM SA and in the higher SA level for protein band 5. Within plant cells, proteins are final products of genetic pathways, which are produced in response to cellular needs and transferred to proper locations during different stages of life and stress conditions. According to the presented results, salt alone and in combination with SA levels significantly increased the total protein content of shoots only, while the total protein content of roots was decreased by salinity or SA alone and their interactions. Furthermore, at the highest SA concentration, protein content of shoots and roots was similar or lower than in the control, while it was increased in shoots at low SA concentrations. Several studies, however, indicated that protein level decreased because of salinity effects but SA could increase it (shahBa et al. 2010) . A decrease in leaf protein content was also reported by Jamil et al. (2012) under salt stress in sugar beet (Beta vulgaris L.). This finding indicated that changes in protein content may be dependent on plant species and different concentrations of applied salt and SA treatments. In general, the perception and activation of stress signal transduction pathways requires expression of specific sets of genes and finally targets proteins, which are involved in cellular protection or transcription factors controlling specific sets of stress-regulated genes (xionG et al. 2002) . Therefore, the observed enhancements of total protein content may be related to the production of plant proteins involved in perception of salt stress and SA treatment. Products of these genes may be stress-responsive proteins or participate in the generation of regulatory molecules, like ABA and ethylene (xionG et al. 2002) , which are indirectly involved in stress tolerance processes. On the other hand, the results demonstrate that proline was increased under salt and SA treatments in shoot and root tissues. As mentioned above, the rapid accumulation of proline is a typical response to various biotic and abiotic stresses (pavliKova et al. 2008) . Therefore, plants may use the increased proline content for biosynthesis of physiologically specific proteins, namely stress proteins, such as proline-rich proteins (stEfl & vasaKova 1984) . Despite the increase in root proline content, the observed reduction of protein may be due to the transfer of proline from roots to shoots. Moreover, the cause of protein reduction under salinity conditions in roots may be the prevention of nitrate reductase activity (undovEnKo 1971) or the protein synthesis reduction (KonG-nGErn et al. 2005) . These results also corroborate the results of research on wheat seedlings (hamid et al. 2010; BaraKat 2011) , alfalfa (Medicago sativa L.) (antolinE & sauchEz-dais 1992) , and barley (Hordeum vulgare L.) (El-tayEB 2005) .
The change in phytohormone balance plays an important role in regulating plant responses to environmental stresses. Consequently, plants can change the relative intensity of protein expression, osmoprotectants, and osmolytes under stress. Thus the plant proteome analysis can be a useful tool for the evaluation of plant genome changes in response to different stresses. Like in some earlier studies, the presented results show that the appearance and expression of the specific protein bands was affected by salinity, SA treatment alone, and their interactions (lopEs et al. 1994; liu & zhu 1997; parida et al. 2005) . The observed alterations in the protein synthesis pattern by salinity and/or SA might predict the presence of several osmoresponsive genes for production of osmoprotective compounds, which are known as compatible solutes (hussain et al. 2008 ) and may be involved in salt tolerance of canola and osmotic adjustments (liu & zhu 1997; parida et al. 2005; viJayan 2009 ). In the present study, the induction of the 26-kDa protein and the up-regulation of the 16-kDa protein were observed in shoots in relation to interactions of salinity and SA levels. These proteins may be involved in the synthesis of osmoprotective compounds and/ or may be related to pathogenesis-related proteins (PR-proteins) in plant defence. Similar changes were reported for the induction of a 26-kDa protein by samia et al. (2009) and for the induction a 16-kDa protein by Przymusiński et al. (2005) . Also, the induction of the 35-kDa protein (by SA treatments) and the 48-kDa protein (by the interactions of salinity and SA levels) was shown in roots. The induction of the 48-kDa protein may be speculated to represent SIPK (SA-induced protein kinase) under osmotic stress in plants (zhanG & KlEssiG 1997; BurKhanova et al. 1999; mikołajczyk et al. 2000) . On the other hand, based on the available literature, SA can induce abiotic stress tolerance in plants by regulating the expression of certain receptor protein kinases. Similar results were obtained by Borsani et al. (2001) and samia et al. (2009) .
All in all, results of this study indicate that the SA-induced alternations in protein expression and/or de novo synthesis of specific proteins may enhance the salt tolerance of canola under in vitro conditions. The findings may help to explain the salt tolerance mechanisms and to produce salt-tolerant canola plants.
